I . Protein concentrates were prepared from freshly cut lucerne by the Pirie proccss and freeze-dried. When supplemented with methionine or cystine and given to rats as the sole sourcc of protein at 1 2 0 g protcinjkg diet, the adjusted mean protein efficiency ratio was 2.89 (casein standard at 2. jo). As a supplenient to protein from barley meal the lucerne leaf-protein concentrate (LPC) was similar to casein.
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Diets
The protein contents (N x 6.25) of the dietary protein sources were (g/kg); barley meal 94, So-mesh lactic casein 871, X-Pro 358, and lucerne LPC 605-641 (for different batches). The composition of the vitamin premix was described by Hove, Fry & Schwarz (1958) and that of the salt mix is given in Table I . For the estimation of protein efficiency ratios (PER) the diets contained (g/kg) : protein source approximately IOO (protein), vitamin mix 50, salt mix 50, dehydrated butter oil 40, maize oil 10 (with 10 mg DL-a-tocopherol/g oil) and wheat starch to I kg. Amino acids when used were added at the expense of starch and were included in total protein for calculations. The casein used as the reference protein was prepared specifically for this purpose in a single large homogeneous batch by the Dairy Research Institute of New Zealand at Palmerston North, and stored under cool, dry conditions.
The diets for the long-term study contained approximately 100, 200 and 300 g protein/kg supplied either by lucerne LPC or by the reference casein. As shown in Table I , all diets were enriched with 3 g DL-methionine/kg. The control diet given to mice in one experiment to test the effect of freeze-dried 'whey' was made up of ground, whole-wheat flour, commercial dried buttermilk, and commercial dried lactalbumin (72 yo protein) ( 2 : I : I by weight). To 800 g portions of these thoroughly mixed ingredients were added zoo g of freeze-dried lucerne 'whey', or the 'whey' + 50 g cholesterol/kg 'whey', or LPC.
Design of experiments
For the short-term PER estimations, five male weanling albino rats, obtained from the Small Animal Research Unit of Massey University, were used in each group. The rats ranged in body-weight from 51 to 67g. In most instances they were accommodated to the test diets for 5 d, after which body-weight gains and food consumptions were recorded for 3 weeks. A standard reference-casein control group was included with each series, and the PER of the test group was adjusted to the reference casein PER of 2-50 for that series. The procedure of adjusting to a constant standard control value was introduced by Chapman, Castillo & Campbell (1959)~ who gave detailed explanations of the advantages in precision thus gained when comparing results obtained at diffcrent timcs and at differcnt laboratories.
For the long-tcrm study, six male and six female rats were assigned to each of the three lucerne LPC diets, and four males and four females were assigned to the three casein control diets. The rats mere randomly selected from large batches of weanlings of each sex ranging in body-weight from j o to 63 g. The animals were housed two ratslcage in wire cages with raised floors. Food and water were available ad lib. Rodyweights were recorded weekly. After 5 months, males and females receiving the same diet were placed together. For littering, the animals were housed in individual cages with solid bottoms, providing shredded paper for nesting material. The young were raised to weaning. The study was then terminated because of the lack of supplies of lucerne LPC. A period of 30 weeks separated the beginning of the experiment and the final weaning.
About 2-3 neeks after the beginning of the long-term feeding trial many of the rats given lucerne LPC began to show-very severe photosensitization reactions. This was the subject of an additional investigation, which is described in a separate publication (Lohrey, Tapper & Hove, 1974) . All rats were killed, and a fresh group of weanlings was given the diets, and kept out of daylight to avoid the photosensitizing reaction.
Analytical methods
The nitrogen concentrations of protein sources, diets, faeces and urincs werc estimated after digestion in selenium-catalysed sulphuric acid digestion mixture using a procedure based on that of Mann (1963) and using the Technicon AutoXnalyzcr (Technicon Corporation, Ardsley, New York). The moisture, diethyl ether extract, ash and acid-insoluble ash (i.e. silica) contents of the protein sources, diets and dried faeccs were estimated by procedures described by the Association of Official Agricultural Chemists (1965) . Cellulose and hemicellulose of LPC were estimated by the methods of Bailey (1967) . For fatty acid cstimation, 10 g LPC were extracted with chloroform-ethanol (2: I , by yolume). Thc extract was saponified. Methyl esters of the free fatty acids were prepared and portions injcctcd into an F & M gas-liquid chromatograph, model 5750 (Hewlett-Packard Co., Rt. 41 L4\ ondale, Pa., USA) with an EGSSX (Applied Science Laboratories, PO Box 440, State College, Pa., USA) column at 185" with N, as the carrier gas; a flame ionization detector was used. The difference between total lipid extract and 1 -1 x weight of total fatty acids mas considered to be the non-saponifiable fraction. For estimation of the amino acid content of lucerne LPC, samples wcrc hydrolysed at IOOO for 24 h in 6 M -H C~ in evacuated sealed tubes. Estimations were carried out in a Beckman model 120-C amino acid analyser by the procedure described in Technical Bulletin T B 6089B, sections 5 , 6, 7 (October 1965 from the measured dietary intakes and faecal and urinary excretions of the male rats after 5 months on the respective diets. T h e rats were placed in standard metabolism cages for two successive 3 d periods. Faeces collected during the 3 d periods were oven-dried at 104O to constant weight; the urine was collected in a container with 5 In1 I M -H C~ and 2 ml toluene; the urines were made to a known volume and portions taken for N determination.
Haemoglobin in blood taken from the tip of the tail was determined by the alkaline haematin method described by Hawk, Oser & Summerson (1947). The standard for comparison was a sample of blood on which the haemoglobin content had been established by an analysis for iron on the separated red blood cells. An EEL Spectra spectrophotometer (Evans Electroselenium Ltd, Halstead, Essex) was used.
At the termination of the experiment male rats were killed 6 h after removal of their food cups. The organs were weighed after they had been examined €or gross https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19740020 abnormalities. For histological examination, samples of liver, kidney and heart tissue were fixed in phosphate-buffered ($1 7.4) formalin containing IOO ml/l of 40 % formaldehyde solution (British Drug Houses). The stomachs were examined for hyperplasia and ulcers. The organ-free carcasses were dried to constant weight for 3 d at 104' for dry-matter estimation. Lipid concentrations were determined by continuous extraction with light petroleum (b.p. 40-60"); body ash was determined by heating the defatted carcass at 550' to constant wcight. Protein content was calculated by subtraction of the amounts of lipid + ash from total dry-matter content.
All mean values were tested for statistical significance by Student's t test.
R E S U L T S
Short-term feeding trials The proximate analyses of lucerne LPC and X-Pro with the fatty acid and amino acid contents are shown in Table 2 .
The results in Table 3 suggested that lucerne LPC as the sole source of protein was of indifferent nutritional quality unless supplemented with sulphur amino acids. As a supplement cystine was as effective as methionine, a factor not previously reported. Lucerne LPC was an excellent supplement to barley meal; the combined protein source without methionine supplementation was superior to either of the protein Vol. sources given alone at the same total protein level. The PER of the commercial lucerne LPC X-Pro was similar to that of our locally produced lucerne LPC.
Long-term feeding trials Rats given diets containing IOO g protein/kg, supplemented with methionine, grew equally well (as indicated by body-weight gain) when the protein was supplied by lucerne LPC or by casein {Fig. I A). But when the LPC content was raised to supply 200 g (Fig. I B) or 300 g protein (Fig. I C) per kg diet, the rates of body-weight gain of male and female rats were less than those of the casein-fed control rats; at 70 d the differences were significant at P < 0.05. However, after 5 months on the diets the male rats given the diets containing lucerne LPC had nearly reached weights similar to those of their casein-fed controls.
Apparent digestibility and N-balance determinations are summarized in Table 4 .
The digestibility ratio of lucerne LPC protein was about 0.80, which was much below the value for casein protein. The digestibilities of crude lipid and ash in lucerne LPC-fed rats were also much lower than the values for control rats. All rats were in positive N balance and increased their body-weight by 2-6gIrat during the 3 d collection periods. Significantly difierent from the corresponding casein value: " P < o'oj; t P < 0.01. VOl. 31 Lucerne-protein concentrate for rats I55 At the end of the 5-month feeding period, females were caged with males for 3 weeks. The males were then killed, subjected to autopsy examination, and body composition was determined (Table 5) while the females raised their young. T h e protein contents of the male rats fed on lucerne LPC were about 15 % higher than the control values; lipid contents were significantly lower, as were the dry-matter contents.
T h e reproductive performance of the female rats given lucerne LPC was very good at all three dietary protein concentrations, as shown by results in Table 6 . The results for the control females given casein were not as good; those given the diets with the two lower protein concentrations reproduced normally but could not rear their young, and with the highest concentration of casein protein no pregnancies occurred. The performance of a randomly selected group of rats from the stock breeding colony is shown in Table 6 for comparison.
Organ weehts and pathology
Mean organ weights of male rats given lucerne LPC or casein as the source of protein were not significantly different (Table 7) .
Gross inspection showed that all organs were free from pathological lesions. Histologically prepared sections of liver and kidney stained with haematoxylin-cosin were normal.
Effect of lucepne 'whey' on growth of mice When freeze-dried lucerne 'whey' was added to a standard mouse diet, growth was depressed ( Table 8) . T h e animals lost weight during the 1st week but by the 3rd week they were gaining weight. Cholesterol added to the 'whey' counteracted the depressant effect in males but not in females. The lucerne LPC also showed an initial depressant effect in males.
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D I S C U S S I O N
Residual amounts of saponins or other antimetabolites may have contributed to the slower gain in body-weight of rats given the diets containing the higher concentrations of lucerne LPC. It is possible that the eifcct may have been the result of taste and poor acceptability of the diets by the animals. T h e recovery of the rats and mice from the initial growth depression supports this explanation.
In the formulation of diets for man or animals, lucerne LPC would probably never be included at concentrations as high as IOO g proteinlkg diet. This amount was more than adequate to supply the lysine and other essential amino acids (except sulphur amino acids) needed to supplement the proteins of the cereal-grain components of thc diet. The results clearly showed that this was a safe and effective concentration for rats not exposed to daylight, and allowed reproduction to proceed normally. When adequate supplies of lucerne LPC are available, lifetime and three-generation feeding studies will nced to be done for assurance of safety.
Thc reason for the low digestibility (0.80) of the lucerne LPC protein was not obvious; the cellulose content was too low to be the cause. It is important to note that the apparent digestibility did not differ with the concentration of protein in the diet; therefore, the effect was not the result of overloading the digestive enzymes. T h e low value for the digestibility of crude lipid, especially at the higher dietary levels of lucerne LPC, can be explained by the high non-saponifiable content of the lipid fraction with its very high content of chlorophyll and other pigments. The depressed digestibility of minerals was due to the higher niineral content in the diets containing lucerne LPC and to some extent to the small amount of acid-insoluble (silica) ash present.
The lower digestibility of lucernc LPC resulted in increasingly greater amounts of faecal material. Because of the substantial amounts of nutritionally inert material in the diets, a search was made for ulcers or other lesions in the stomach and intestines, but none were found.
The body composition of the adult male rats given lucerne LPC was inarked by a 
